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INTRODUCTION 


We are currently living in an unusual pandemic, due to the 
spread of Coronavirus Disease in 2019 (COVID-19), caused 
by the Severe Acute Respiratory Syndrome Coronavirus 2 
(SARS-CoV-2). This virus forms a sister clade to the 
prototype human and bat severe acute respiratory syndrome 
coronaviruses (SARS-CoVs) (1). SARS-CoV-2 belongs to the 
Coronavirinae subfamily, family Coronaviridae. Virions are 
spherical, displaying club-shaped projections. Enveloped by 
a lipid bilayer envelope, SARs-CoV-2 has a positive-sense 
single-stranded RNA that encodes four structural proteins 
[proteins S (spike protein), E (envelope), M (membrane), 
and N (nucleocapsid)] and 16 non-structural proteins (2, 3). 

The pathogen has spread around the world within a 
short period of time. In 8 months (from December 2019 to 
August 2020) it has reached more than 19 million cases 
with ~728 thousand deaths in more than 215 countries/ 
territories/areas of the world. In addition to the challenges 
it poses to public health, it has provoked economic and 
social consequences due to the pandemic control measures, 
which are based on social distancing and the different 
quarantine concepts implemented throughout the world (4). 

The pandemic originated in the city of Wuhan, in the 
south of China, where rapid economic growth promoted a 
high demand for animal protein and included regional 
eating habits, like consumption of exotic animals such as 
bats, snakes, and pangolins, which are normally traded in 
local food markets. Despite other possible theories, the 
precarious sanitary conditions and the lack of standards or 
biosafety models in these markets probably favored the 
transmission of infectious agents including viruses from the 
Corona group such as SARS-CoV-2, between animals and 
from animals to humans. The literature published to date 
indicates that the virus went through molecular changes due 
to the way that this pathogen propagates, leaving footprints 


(traces) in its genome, which can be identified (tracked) 
using phylogenetic analysis methods. This has allowed for 
the reconstruction of a model on the evolutionary history of 
the new coronavirus, showing that the strain that gave rise 
to SARS-CoV-2 has been circulating unnoticed in bats for 
30-70 years and possibly adapted to pangolins, a species 
that harbors CoVs, sharing significant genomic homology 
with SARS-CoV-2 and showing extensive contact with 
humans in the Chinese markets (5-9). 

The emergence and spread of zoonotic diseases like 
COVID-19 caused by SARS-CoV-2, indicates that 
veterinarians inhabit a central and primary position in the 
prevention of new and dangerous zoonoses that may impact 
human health. This is particularly true as this pandemic fits 
into the One Health concept, which considers the 
interactions between humans, animals, and _ the 
environment, and recognizes that human health is closely 
related to animal and environmental health (7). It is in 
these interfaces that veterinarians can play a relevant role 
in the prevention and detection of new zoonoses and 
determine which ones deserve at least some consideration. 


THE CONTEXT OF EMERGING ZOONOSES 


It has been proven that at least 75% of emerging diseases 
have a zoonotic origin, having diverse animal species as 
their primary reservoirs. Striking examples of these 
zoonoses include epidemics and/or pandemics such as the 
Spanish flu (10), H1N1 (11), SARS, (12), MERS (13), and 
Ebola (14). All the etiological agents involved in those cases 
were originally found in animals and spread in humans. 
When a pathogen crosses species barrier, in most cases, the 
disease may not sustain or establish in the heterologous 
host. However, occasionally, there is a potential risk that it 
becomes more pathogenic and virulent, with consequences 
almost impossible to predict, as was experienced with the 
HIV virus (15). 

The number of potential human lives lost as well as the 
high morbidity and imminent risks of epidemics/pandemics 


converging to result in the emergence of new diseases 
makes it imperative and necessary to intensify studies, in 
which veterinarians have the responsibility to identify and 
reveal the risks, critical points and other epidemiological 
aspects involved in the transmission of an infectious agent 
from the animal, environment, and human interfaces. 


INCLUSION OF THE VETERINARIAN 
PROFESSIONAL 


Considering the possible origin of the current pandemic, the 
intensification of studies in regions associated with high 
human activity alone, and with intense contact with 
wildlife, should become a priority in the prevention of 
emerging diseases, as such hotspots are decisive in the 
emergence of new epidemics and pandemics. There are 
several regions in the world in which it is possible to 
identify the presence of these hotspots, including low and 
middle-income countries in South America and Africa. 
Therefore, potential new pandemics such as COVID-19 pose 
serious health threats in underdeveloped countries where 
these hotspots occur. This type of hotspot can also be seen 
in developed countries especially in places where there is a 
greater vulnerability in poor populations (16). Therefore, 
the consequences of contact between wildlife and human 
activities can have consequences in rich countries. 

It is necessary to reunite the forces and capacities of all 
of the involved actors and entities to avoid chaos and lack 
of control in the case of new emerging zoonotic diseases. 
The knowledge obtained through monitoring eventual 
ecological/epidemiological changes and the experience of 
previous studies in all knowledge areas will be effective 
tools to predict, prevent, and anticipate outbreaks by 
impacting zoonotic diseases such as COVID-19. This 
summarizes the veterinarian's role in public health, framed 
in the One Health concept. 

Emerging and reemerging pathogens present challenges 
for public health systems worldwide. When considering 
animal interaction, the complexity of these challenges 


becomes even more evident. Despite the integration of the 
OIE and the WHO in the context of the One Health concept 
in 1960, the idea is still poorly explored in underdeveloped 
countries. Investment in studies that prioritize the 
investigation of the infectious agents present in wild 
animals associated with hotspots does not represent, at this 
moment a priority strategy for the prevention of pandemics 
by public health agencies. The implementation of this type 
of action would allow for the early identification of 
potential pathogens and the development of actions that 
could block and reduce opportunities for the pathogens to 
circulate freely and repeatedly among primary hosts and 
become highly infectious to humans. 


SOME SPECIFIC ACTIONS 


The chaos in the health services and consequently, in 
economic systems worldwide due to COVID-19 was at times 
the result of disobedience and non-compliance with the 
guidelines of preventive medicine, which outline the best 
strategies for containing the spread of the disease. Despite 
the knowledge and experience gained in previous 
epidemics, most governmental institutions are still not 
convinced of the veterinarian's role in this context. 
Veterinarians have experience in successfully managing 
outbreaks of diseases, such as brucellosis, tuberculosis, 
anthrax, foot-and-mouth disease, and rabies, in addition to 
controlling zoonotic pathogens in foods of animal origin (2, 
17-20). Control measures, when strictly applied to animals, 
have resulted in a significant reduction of zoonoses in 
humans. Some of the specific actions of the veterinary 
profession are shown in Figure 1. 


FIGURE 1. Examples of specific actions by the veterinarians to combat the 
emergence of zoonotic diseases. (A) - Studies to monitor multiple factors 
(environmental, temporal, and others) available in Geographic Information 
Systems that allow indicating changes for the modeling and forecasting of 
diseases. (B) - Environmental control that indirectly interferes in the control of 
vectors and/or hosts amplifying agents that transmit zoonotic diseases. (C) - 
Monitoring of wildlife through research that evaluates changes in the host and 
potential pathogens. (D) - /n vitro investigation regarding the evolution of the 
characteristics of infectious agents over time. (E)-Health education through 
clarification to the population about the risks and care to be taken in human- 
animal contact. (F) - Production of diagnostic tests and vaccines using animal 
models based on comparative medicine. (G) - Application of translational 
medicine and zoobiquity in the exchange of experiences between teams of multi 
health professionals. (H) - Sanitary control in pets and production animals. (I) - 
Inspection and control of food of animal origin. 


Practices such as zoobiquity and translational medicine 
are effectively applied in some countries with more stable 
economies for other diseases and would help to prevent 
zoonotic pandemics such as COVID-19. On the other hand, 
the exchange of experiences and the adoption of 
professional containment activities such as those which are 
customary in veterinary practice, like isolation and 
quarantine measures, could be useful. The latter, unlike in 
human medicine, are instances when veterinary practices 
are widely and rigorously used because they represent the 


main principles for preventing the entrance and spread of 
diseases in naive animal populations. 

Surveillance measures represent the main strategy, 
considering these preventive needs. Active surveillance is 
important in the investigation of the potential pathogens of 
animals and the potentials of possible emergence in 
humans. This type of control would allow the acquisition of 
rich databases that would support specific and effective 
measures to control zoonotic epidemics. High-risk behaviors 
could also be identified, and health education activities 
could be initiated to change habits that contribute to and 
hinder the adaptation and dissemination of the pathogens. 

Veterinarians are especially important in wildlife 
surveillance, which becomes a fundamental parameter in 
the control of emerging zoonoses because ecological 
changes, molecular variations of infectious agents, and wild 
animal-man interactions represent the main factors for the 
emergence of new pathogens. Therefore, the collaboration 
between veterinary communities linked to the monitoring of 
wildlife and human medical communities is crucial in the 
development of preventive strategies and must follow a 
double direction in the provision of early and specific 
information, which is not evident in most developing 
countries. 

Microbiology studies combined with physiology, 
immunology, and behavioral ecology must be applied to 
asymptomatic animal hosts. They can demonstrate which 
mechanisms could explain the absence of clinical signs and 
can provide effective and applicable responses to humans. 
At the same time, they are specific animal models, which 
provide ideal conditions for the reproduction of the disease 
showing similarity to human responses and should be used 
to carry out vaccine and treatment tests before being 
applied to humans. Besides, prior knowledge of the etiologic 
agent, its intrinsic characteristics, and ecology can facilitate 
the faster development of vaccines and therapy drugs in 
cases of emergency and health risk. 

Comparative medicine, in addition to in vitro analyzes, 
also covers field studies in the prevention of zoonosis. A 
good example of this is the monitoring of diseases that 


occur naturally in animal populations that can signal 
potential threats to human health. The use of sentinel 
animals, which have greater susceptibility, environmental 
exposure, or shorter life span has been very useful. The 
double meaning in interventions must be attributed to the 
One Health approach considering the risks shared between 
humans and animals. 

Veterinary epidemiology allows alignment with disease 
forecasting and modeling studies through the application of 
georeferencing software that associates environmental 
variables, such as temperature, humidity, soil type, vector 
density, pathogen, host, exposure, and transit of animals 
and people. The convergence of factors that include the 
availability of these geocoded multi-temporal data and 
multi-professional collaborations worldwide would allow for 
the production of a sophisticated Geographic Information 
System under a holistic perspective for the development of 
research related to the control of zoonosis. 

The molecular evolutionary aspects of zoonotic or 
potential pathogens must be constantly monitored. Genomic 
plasticity is a factor widely identified in viruses and bacteria 
within animal hosts and in _ hostile environmental 
conditions, such as thermal, oxidative, nutritional, and 
chemical stress, which could favor the selection pressure of 
more adapted, resistant, and/or pathogenic agents. 

Several recent studies have highlighted the fundamental 
importance of the veterinarian's performance in the context 
of One Health. van Doremalen et al. (21) have demonstrated 
the preliminary efficacy of a vaccine tested on mice and 
Rhesus macaques against SARS-CoV-2 in partnership with a 
multi-professional team that includes veterinarians. In Chile, 
another multidisciplinary group, including veterinarians, 
developed an improved procedure to produce nanobodies 
using alpacas (Lama pacos) as donor species. The authors 
reported an optimized, fast, efficient, inexpensive, and 
simple density gradient method for nanobody selection and 
a sub-nanomolar affinity nanobody against the Spike 
receptor binding domain of SARS-CoV2. This proposed 
methodology may help in the generation of diagnostic and 
potentially therapeutic measures against COVID-19 and 


other infectious and emergent viruses (22). Sun et al. (23) 
reported a variant of H1N1 from pigs with the greatest 
pathogenic potential in humans. Their experimental work 
was carried out in veterinary laboratories in the USA. In 
India, Dhama et al. (24) have reported intense research 
performed with veterinarians in the development of 
vaccines and effective therapies against Ebola. Maki et al. 
(25) reported that the monitoring of wildlife allowed the 
implementation of control strategies such as the use of bait 
vaccines to control wild rabies. 

Epidemics such as those already experienced and 
uncontrolled pandemics such as the current COVID-19 will 
continue to happen, not only because of the high capacity of 
zoonotic pathogens to carry out mutation, reassortment, and 
recombination processes that allow them to overcome 
barriers between species, geographical limitations, and 
adverse conditions but also due to the severe deficiency in 
the surveillance systems. 

These factors coupled with few globalized and unified 
combat actions and the low interaction of the pillars of One 
Health focus, which involves the medical, veterinary and 
environmental communities, increases the risk of new 
emergencies in public health worldwide. 


SUMMARY AND CONCLUSION 


Variations in behavior and different human activities, such 
as the consumption and sale of wild animals, the poor 
application of food security rules, the advance of 
urbanization into rural areas, and constant direct contact 
with animal reservoirs are recognized as the main risk 
factors that lead to outbreaks (26). All these factors can be 
tackled with preventive actions from a_ veterinary 
perspective, which are the resolutive competencies of this 
profession. 

To avoid future emerging zoonoses, it is necessary to be 
prepared. The most effective way may be to maintain the 
natural barriers between animals that are reservoirs and 
human society, applying the conceptualization of the One 


Health doctrine in these actions. Despite being the weakest 
link, the veterinarian must assume a position of leadership 
in research and actions that primarily involve prevention 
and surveillance, which must be undertaken as an important 
part of maintaining public health, especially related to 
emerging and reemerging zoonoses. 


AUTHOR CONTRIBUTIONS 


RdM conceptualized the article and included the actions of 
the veterinary profession. DR included information about 
the current pandemic. GM contributed to writing and 
organization. HF provided adjustments to the One Health 
context. All authors approved the final version. 


ACKNOWLEDGMENTS 


The authors would like to thank Professor Ph.D. Guillermo 
Pérez-Pérez (New York University Langone Medical Center) 
for their contributions to science and critical review of this 
manuscript. 


REFERENCES 


1. Gorbalenya AE, Baker SC, Baric RS, de Groot RJ, Drosten C, 
Gulyaeva A, et al. The species Severe acute respiratory 
syndrome-related coronavirus: classifying 2019-nCoV and 
naming it SARS-CoV-2. Nat Microbiol. (2020) 5:536-44. doi: 
10.1038/s41564-020-0695-z 

2. Neerukonda SN, Katneni U. A review on SARS-CoV-2 
virology, pathophysiology, animal models, and anti-viral 
interventions. Pathogens. (2020) 9:426. doi: 10.3390/ 
pathogens9060426 

3. Tilocca B, Soggiu A, Musella V, Brittia D, Urbani MSA, 
Roncada P. Molecular basis of COVID-19 relationships in 
different species: a one health perspective. Microb Infect. 
(2020) 22:218-20. doi: 10.1016/j.micinf.2020.03.002 

4. World Health Organization. Coronavirus disease 2019 
(COVID-19) Situation Report — 195. (2020). Available online 
at: https://www.who.int/docs/default-source/coronaviruse/ 


10. 


11. 


12. 


13. 


14. 


15. 


situation-reports/20200810-covid-19-sitrep-203. pdf? 
sfvrsn = aa050308_4 (accessed August 11, 2020). 


. Cheng VCC, Lau SKP, Woo PCY, Yuen KY. Severe acute 


respiratory syndrome coronavirus as an agent of emerging and 
reemerging infection. Clin Microbiol Rev. (2007) 20:660-94. 
doi: 10.1128/CMR.00023-07 


. Boni MF, Lemey P, Jiang X, Lam TT, Perry BW, Castoe TA, et 


al. Evolutionary origins of the SARS-CoV-2 sarbecovirus 
lineage responsible for the COVID-19 pandemic. Nat Microbiol. 
(2020) 5:1408-17. doi: 10.1038/s41564-020-0771-4 
Bonilla-Aldana DK, Dhama K, Rodriguez-Morales AJ. 
Revisiting the one health approach in the context of 
COVID-19: a look into the ecology of this emerging disease. 
Ady Anim Vet Sci. (2020) 8:234-7. doi: 10.17582/ 
journal.aavs/2020/8.3.234.237 


. El Zowalaty ME, Jarhult JD. From SARS to COVID-19: A 


previously unknown SARS- related coronavirus (SARS-CoV-2) 
of pandemic potential infecting humans -— call for a One Health 
approach. One Health. 9:100124. doi: 10.1016/ 
j-onehlt.2020.100124 


. Zhang T, Wu Q, Zhang Z. Probable pangolin origin of SARS- 


CoV-2 associated with the COVID-19 outbreak. Curr Biol. 
(2020) 30:1346-51. doi: 10.1016/j.cub.2020.03.022 
Taubenberger JK, Morens DM. 1918 influenza: the mother of 
all pandemics. Emerg Infect Dis. (2006) 12:15-22. doi: 
10.3201/eid1201.050979 

Nolting JM, Scheer SD, Bowman AS. Perceptions and attitudes 
of swine exhibitors towards recommendations for reducing 
zoonotic transmission of influenza A viruses. Zoonoses Public 
Health. (2019) 66:401-5. doi: 10.1111/zph.12574 

Zhao G. SARS molecular epidemiology: a Chinese fairy tale of 
controlling an emerging zoonotic disease in the genomics era. 
Philos T R Soc B. (2007) 362:1063-81. doi: 10.1098/ 
rstb.2007.2034 

Paden CR, Yusof MFBM, Al Hammadi ZM, Queen K, Tao Y, 
Eltahir YM, et al. Zoonotic origin and transmission of Middle 
East respiratory syndrome coronavirus in the UAE. Zoonoses 
Public Health. (2018) 65:322-33. doi: 10.1111/zph.12435 
Pigott DM, Golding N, Mylne A, Huang Z, Henry AJ, Weiss 
DJ, et al. Mapping the zoonotic niche of Ebola virus disease in 
Africa. eLife. 3:e04395. doi: 10.7554/eLife.04395 

Peeters M, Mundeke SA, Ngole EM, Delaporte E. Origin of 
HIV/AIDS and risk for ongoing zoonotic transmissions from 
nonhuman primates to humans. HIV Ther. (2010) 4:387-90. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


doi: 10.2217/hiv.10.33 

Naranjo J, Cosivi O. Elimination of foot-and-mouth disease in 
South America: lessons and challenges. Philos Trans R Soc 
Lond B Biol Sci. (2013) 368:20120381. doi: 10.1098/ 
rstb.2012.0381 

Turner AJ. Disease control during the colonial period in 
Australia . Aust Vet J. (2011) 89:239-42. doi: 10.1111/ 
j-1751-0813.2011.00787.x 

Lapiz SM, Miranda ME, Garcia RG, Daguro LI, Paman MD, 
Madrinan FP, et al. Implementation of an _ intersectoral 
program to eliminate human and canine rabies: the Bohol 
Rabies Prevention and Elimination Project. PLoS Negl Trop Dis. 
(2012) 6:e1891. doi: 10.1371/journal.pntd.0001891 

Peck D, Bruce M. The economic efficiency and equity of 
government policies on brucellosis: comparative insights from 
Albania and the United States of America. Rev Sci Tech. 
(2017) 36:291-302. doi: 10.20506/rst.36.1.2629 

Verteramo CLJ, Tauer LW, Smith RL, Grohn YT. Assessment of 
the bovine tuberculosis elimination protocol in the United 
States. J Dairy Sci. (2019) 102:2384-400. doi: 10.3168/ 
jds.2018-14990 

van Doremalen N, Lambe T, Spencer A, Belij-Rammerstorfer S, 
Purushotham JN, Port JR, et al. ChAdOxl nCoV-19 
vaccination prevents SARS-CoV-2 pneumonia in rhesus 
macaques. bioRxiv [Preprint]. (2020). doi: 
10.1101/2020.05.13.093195 

Nieto GV, Jara R, Himelreichs J, Salinas C, Pinto T, 
Cheuquemilla Y, et al. Fast isolation of sub-nanomolar affinity 
alpaca nanobody against the Spike RBD of SARS-CoV-2 by 
combining bacterial display and a simple single-step density 
gradient selection. BioRxiv (2020). doi: 
10.1101/2020.06.09.137935 

Sun H, Xiao Y, Liu J, Wang D, Li F, Wang C, et al. Prevalent 
Eurasian avian-like H1N1 swine influenza virus with 2009 
pandemic viral genes facilitating human infection. Proc Natl 
Acad Sci USA. (2020) 117:17204-10. doi: 10.1073/ 
pnas.1921186117 

Dhama K, Karthik K, Khandia R, Chakraborty S, Munjal A, 
Latheef SK, et al. Advances in designing and developing 
vaccines, drugs, and therapies to counter ebola virus. Front 
Immunol. (2018) 9:1803. doi: 10.3389/fimmu.2018.01803 
Maki J, Guiot AL, Aubert M, Brochier B, Cliquet F, Hanlon CA, 
et al. Oral vaccination of wildlife using a vaccinia-rabies- 
glycoprotein recombinant virus vaccine (RABORAL V-RG®): a 


global review. Vet Res. (2017) 48:57. doi: 10.1186/ 
s13567-017-0459-9 

26. Cui J, Li F, Shi Z-L. Origin and evolution of pathogenic 
coronaviruses. Nat Rev Microbiol. (2019) 17:181-92. doi: 
10.1038/s41579-018-0118-9 


Conflict of Interest: The authors declare that the research 
was conducted in the absence of any commercial or 
financial relationships that could be construed as a potential 
conflict of interest. 


Copyright © 2020 de Melo, Rossi, Monteiro and Fernandez. 
This is an open-access article distributed under the terms of the 
Creative Commons Attribution License (CC BY). The use, 
distribution or reproduction in other forums is permitted, 
provided the original author(s) and the copyright owner(s) are 
credited and that the original publication in this journal is cited, 
in accordance with accepted academic practice. No use, 
distribution or reproduction is permitted which does not comply 
with these terms. 


